Regenerative injection therapy and low level laser therapy are alternative remedies known for their success in the treatment and symptomatic management of chronic musculoskeletal conditions. In response to the growing demand for alternative therapies in the face of the opioid epidemic, the authors conduct a literature review to investigate the potential for prolotherapy and LLLT to be used adjunctively to manage chronic osteoarthritis (OA). OA is a degenerative chronic musculoskeletal condition on the rise in North America, and is frequently treated with opioid medications. The regenerative action of prolotherapy and pain-modulating effects of LLLT may make these two therapies well-suited to synergistically provide improved outcomes for osteoarthritis patients without the side effects associated with opioid use. A narrative descriptive review through multiple medical databases (Google Scholar, PubMed, and MedLine) is conducted, restricted by the use of medical subject headings. 71 articles were selected for reading in full, and 40 articles were selected for use in the study after reading in full. A review of the literature revealed good clinical results in the use of prolotherapy and LLLT separately to manage chronic musculoskeletal pain due to osteoarthritis and other chronic conditions. It is also recognized in the literature that prolotherapy works most effectively when used adjunctively with other treatments. Downsides to the use of prolotherapy include mild side effects of pain, stiffness and bruising and potential adverse events as a result of injection. This study is limited by the lack of clinical trials available involving both LLLT and prolotherapy injections used adjunctively, and by the low number of high impact literature concerning the treatment of (specifically) osteoarthritis by alternative methods. The authors suggest that practicing health care providers consider utilizing LLLT and prolotherapy together as a supplementary method in the management of chronic pain due to osteoarthritis, to minimize the long-term prescription of opioids and emphasize a less invasive treatment for this debilitating condition.
Background
Osteoarthritis is a degenerative, chronic musculoskeletal condition on the rise in North America, which is worrying since it presents a significant burden to public healthcare systems and is a major cause of chronic pain (1) . Today, although alternative treatment methods exist, the most common way to manage chronic pain in osteoarthritis is to medicate with opioids (2) . Since opioid medications are now recognized to have serious side effects, including sleep apnea, addiction and fatal overdose (3) , it is now vital to further explore novel and effective ways to manage osteoarthritic pain without medical intervention.
The pathogenesis of osteoarthritis is well-understood to involve chondrocytic apoptosis, subchondral bone sclerosis, osteophyte development and persistent cytokines (4) . A major etiology that initiates the development of osteoarthritic changes in a joint is ligamentous injury, which causes joint instability and biomechanical microstress (5) . This key factor in the etiology of the condition justifies the use of prolotherapy to treat the osteoarthritic joint, by restoring functional stability through the proliferative strengthening of supporting ligamentous structures.
Prolotherapy (i.e. RIT, regenerative injection therapy) is an alternative treatment method wherein a type of "proliferative" solution (hyperosmolar dextrose, sodium morrhuate, and/or other compounds) is injected into and around the joint capsule, in order to stimulate the natural healing process of the intra-articular, capsular and adjacent ligamentous tissues (6) . The proposed mechanisms of action for prolotherapy involve osmotic rupture of local cells, local cellular irritation and chemotactic attraction of inflammatory mediators (7) . First implemented to treat hernias, today prolotherapy is a well-known method to manage and treat chronic musculoskeletal conditions like osteoarthritis, tendinosis and epicondylitis. Recent advents to this technology include platelet-rich-plasmatherapy (PRP), stem cell injection (8) and prolozone (ozone + prolotherapy) (9) .
Another well-known intervention used for pain management is low-level laser therapy (LLLT), or cold laser therapy, which is a form of photo-biomodulation therapy in which low-frequency continuous laser of typically 600 -1000 nm wavelength (10) is used for pain reduction and healing stimulation. Recent literature has explored LLLT efficacy in treating musculoskeletal injury, post-surgical wound healing and chronic inflammatory joint conditions. Also, LLLT has long since been observed to improve cell proliferation and collagen synthesis in laboratory studies. In particular, fibroblastic proliferation is a hallmark feature of low level laser exposure (11) . LLLT is known to act on photoreceptors on the mitochondria of cells, with observed effects including enhanced production of adenosine triphosphate (ATP), increased oxygen metabolism, increased concentration of reactive oxygen species and increased concentration of nitric oxide (NO) (12, 13).
Objectives
In response to the need for further research into alternative treatment methods for chronic osteoarthritis given the current opioid epidemic, this paper seeks to provide, for practicing health care providers, a review of the literature regarding the current use of prolotherapy and LLLT in treating chronic musculoskeletal conditions. In this review, the authors seek to draw connections between prolotherapy and LLLT mechanisms, in order to gauge their potential to act synergistically in the management of the osteoarthritic joint.
Methods
The present study is a descriptive study specific on the utilization of low-level laser therapy (LLLT) and hyper dextrose prolotherapy injection therapy and its clinical applications in chronic pain due to osteoarthritis. The study was designed to answer the specific question postulated by the authors that, for the symptomatic management of chronic pain due to OA, the utilization of hyper dextrose prolotherapy injections and LLLT may be a reasonable intervention based on recent results presented in the modern literature. The authors intentionally do not present a results section stand alone, but combine the results of this descriptive narrative review with the discussion section. The study describes the data results and characteristics about the phenomenon (chronic pain and osteoarthritis) and the clinical applications (use of prolotherapy and low level laser therapy) being studied utilizing a clinician's perspective and not a meta-analytical or statistical review of the literature. Therefore, we present a discussion of the results summarized by this descriptive narrative review in which the main key point is to help clinicians that currently must decide between standard invasive therapies with steroids, chronic opioid therapy, surgery, versus new cutting edge regenerative options, such as prolotherapy and supporting alternative and complementary therapies, such as laser therapy, discussing the pros and cons of such decision-making process.
The present study was conducted as a narrative descriptive review of the literature utilizing the following search engines: Medline, PubMed, Google Scholar, Index Copernicus, EBSCO, and Science Direct. Only peer-reviewed articles were used in this review. We did not utilize the EMBASE database due to cost and limited access, although cross-references between different databases provided a wide access to resources. The search was restricted to publications from 1980 to 2016. The search was limited to studies published in the English language with the Medical subject headings (MeSH) "osteoarthritis"; "pain"; "sclerotherapy"; "lasers". If other studies were found with the MeSH heading but were outside the scope of this paper, they were included in the deliberation process, but excluded for references and not utilized in this manuscript.
The search strategy for this review was as follows: step 1: the reference lists of articles identified by the search engines were searched and triaged into usable relevant publications.
Step 2: the relevant research articles were then reviewed by the author(s) and summarized into a relevant table of research. Peer reviewed articles were included or excluded based on scope, language, relevancy and content pertinent to the publication.
Step 3: the author(s) reviewed the articles and summarized the information into the present narrative review, emphasizing a clinician's standpoint regarding the pros and cons of symptomatic management of chronic pain due to osteoarthritis regenerative medicine options, such as prolotherapy and complementary low-level laser therapy.
Discussion

Osteoarthritis-Overview
Although ascertaining the incidence and epidemiology of osteoarthritis (OA) is challenging, recent literature suggests that a substantial proportion of adults worldwide are affected, and the condition has been on the rise within the last decade. It is estimated that the prevalence of knee joint osteoarthritis for example is approximately 10% in men and 13% in women (14) . Osteoarthritis is known to be one of the major types of musculoskeletal conditions to contribute significantly to chronic disability (15) . Studies have linked chronic osteoarthritis with chronic pain, sleep disturbance and depressive symptoms, further accentuating the importance of proper management of this very common condition (16) . Weight-bearing joints are frequently affected by osteoarthritis, and include the hip, knee, shoulders, and the spine. This condition has increased in prevalence over the last quarter century and is expected to continue rising, further burdening the healthcare system and decreasing patient's quality of life (17) . To understand the rationale behind treatment methods for OA, it is vital to have an understanding of the pathophysiology of the condition. Osteoarthritis is characterized by a loss of the functional/biochemical integrity of a joint (18) . Perhaps the most iconic feature of osteoarthritis, and a key pathological feature, is the degeneration of articular cartilage within the joint. Decreased articular cartilage, subchondral bone sclerosis, osteophyte development and chronic low-grade synovial inflammation resulting from a history of repetitive ligamentous microtrauma are all involved in the pathogenesis of OA, and result in the main symptoms of OA; joint stiffness, joint pain and joint dysfunction (4) . Joint dysfunction and pain are the main clinical symptoms of OA, and are thought to be due to nervous aggravation of "A" delta mechanoreceptors in the fibrous capsule of joints, and "C" polymodal nerve endings in the synovium and surrounding joint components (18) . Contributing factors to the development of osteoarthritis involve increased age, obesity (estimated to increase risk of OA 3-fold (14)) injury, occupation, developmental deformities and joint laxity.
Osteoarthritis-Pathophysiology
It is important to note that joint laxity has been found to be a major contributor to the development of osteoarthritis. Joint laxity compromises the otherwise natural balance and stability of the joint, leading to unhealthy weight-bearing changes within the joint and the development of osteoarthritic changes (19) . The biochemical properties of osteoarthritis relate to an abnormal remodelling of the joint, spurred by inflammatory mediators. Cytokines such as IL-1, TNF, IL-8, bioactive lipids like PGE2, as well as other well-known pro-inflammatory chemicals like nitric oxide and vasoactive-intestinal peptide (VIP) are seen in high concentration in the osteoarthritic joint; these elevated pro-inflammatory markers are likely attributed to the synovitis associated with osteoarthritis, and contribute to the holistic degeneration of the joint (4). The chronic phase of osteoarthritis is characterized by decreased chondrocyte proliferation, chondrocytic apoptosis, osteophyte formation and bone sclerosis.
Treatment of osteoarthritis is currently, and has long been, aimed at relieving the symptoms of the condition. Non-pharmacological management, medical intervention and surgical intervention are generally pursued, in that order, in the treatment of OA (4). Conservative management generally includes physical therapy, acupuncture, injection therapy, NSAIDs, and opioid therapy. On the other hand, aggressive options for the symptomatic management of OA include nerve blocks, radiofrequency neural ablation, arthroscopic lavage, osteotomy and joint replacement.
Unfortunately, in patients with chronic osteoarthritis, treatment options are often relegated to chronic pain management with opioids, which are known to create detrimental side effects and even cause addiction and death in chronic pain management patients (20, 21) . Front page headlines in North America describe the opioid crisis as "pervasive in every population, urban and rural, young and old, rich and poor". In particular, the United States and Canada are known to have the highest per capita volume of opioids like hydromorphone, codeine and fentanyl dispensed in the world. Today, current opioid overdose rates are staggering; with 2 people dying every day from overdoses alone. In 2014, 1400 died in the US by opioid overdose (22) . Other journalistic reports suggest an immediate need to address chronic pain and opioid utilization appropriately, with a comprehensive treatment approach to manage chronic pain and, particularly, the need to consider supplementary and alternative therapies to pharmaceutical intervention (23) .
Other treatment options for osteoarthritis comprise their own subset of treatment type. These supplementary treatment options for osteoarthritis include regenerative injection therapy (RIT), low level laser therapy (LLLT), hyaluronic acid injections, hydrotherapy, physical therapy, prolozone therapy and others. In this article, we focus on RIT (specifically prolotherapy) and LLLT (or cold laser therapy) to summarize their observed effects on chronic osteoarthritis.
The pathophysiology of osteoarthritis, initiated by ligamentous trauma, is illustrated in Figure 2 . Hallmark osteoarthritic changes are emphasized, like articular cartilage degeneration occurring due to the action of intraarticular proteases and compensatory osteophyte development.
Regenerative Injection Therapy-Overview
Regenerative injection therapy (RIT), or prolotherapy, is a supplementary regenerative treatment of, among others, chronic musculoskeletal conditions. Prolotherapy injection utilizes a hypertonic dextrose solution (among other substances) injected intra and/or extra-articularly to initiate a brief inflammatory cascade stimulating native healing and subsequent tissue growth; with restoration of tissue integrity, including organized connective tissue in previously injured ligaments, thickening of collagen bundles, and increase in energy absorption within the joint (24).
Regenerative Injection Therapy-Mechanisms
Specifically, prolotherapy is known to target and resolve ligament laxity, a major contributor to osteoarthritis development, by initiating an inflammatory cascade to attract fibroblasts that encourage collagen synthesis, which reinforces connective tissue at the affected area (19) . It is theorized that the attraction of inflammatory mediators and the release of growth factors could be due to the action of the hyperosmolar dextrose solution acting as a cellular irritant (6) . The resulting strengthening of the ligaments supporting the joint is thought to return functional biomechanics to the joint and result in pain relief. Prolotherapy injections have also recently been seen to have disease-modifying effects in knee OA, specifically by stimulating the metabolic activation of cartilage, resulting in the growth of fibro-like and hyaline-like cartilage (24) . These new findings are especially encouraging to the role of prolotherapy in treating osteoarthritis, of which the classic appearance is insufficient articular cartilage, and gives credence to recent findings in prolotherapy suggesting a direct anabolic effect on the proliferation of chondrocytes (25) . Recent studies validate the continued use of this treatment method for knee osteoarthritis (26) Achilles tendinosis (27) , lateral epicondylitis (28) and other chronic musculoskeletal injuries (19) . Furthermore, a direct pain-modulating effect has also been associated with prolotherapy injections, suggesting that hypertonic dextrose may decrease pain via a sensorineural mechanism through direct exposure of dextrose and mannitol to multiple intra-articular pain generators, including the fat pad, synovium, and menisci (24) .
Although various cocktails of prolotherapy are theoretically possible in the use of regenerative therapy, the most common solutions used in the treatment of chronic musculoskeletal pain include 12% -15% up to 25% hyperosmolar dextrose (glucose), mannitol and Traumeel (19, 28) . Also, recent literature has supported the use of certain variations of prolotherapy; platelet-rich plasma, stem cell therapy, and prolozone (prolotherapy plus ozone gas) which are all modified forms of regenerative injection therapy (RIT) and have proved their usefulness in clinical trials (8, 9) . The utilization of Traumeel ® solution (a natural homeopathic anti-inflammatory) with intra-articular prolotherapy has demonstrated in vitro modulatory effects on human T-cells and monocytes and their ability to secrete proinflammatory mediators, such as interleukin-1beta (IL-1β), tumor necrosis factor alpha (TNFα), and interleukin-8 (IL-8). Traumeel was found to modulate the secretion of these mediators, inhibiting secretion in resting and activated cells by up to 54% -70%. Furthermore, Traumeel appears to act by regulating the orchestration of the overall process of acute local inflammation, speeding up the healing process, regulating effects on lymphocyte synthesis of the inhibitory cytokine TGF-β synthesis and other pro-inflammatory T-lymphocytes (for example, TNFα and IL-1) (29) . The commonality between these various forms of prolotherapy is that a proliferative solution is injected into the joint space, inducing the natural repair of connective tissue in order to restore the integrity of a compromised joint. These RIT methods Induce the release of high concentrations of a variety of growth factors and cytokines important for angiogenesis, cell replication and myoblast/fibroblast proliferation. Noteworthy factors in this process include PDGF (platelet-derived growth factor), TGF B-1 (transforming growth factor beta-1), VEGF (vascular endothelial growth factor) and ILGF-1 (insulin-like growth factor-1), specially for PRP (8) . Stem cell therapy denotes the use of adult mesenchymal (MSCs) or bone marrow aspirate iliac crest stem cells (BMAICSCs) to promote healing in terms of cartilage repair, angiogenesis, muscle and nervous regeneration. Additionally, the use of stem cells has been made more available through the advent of retrieving adult stem cells from adipose tissue, bone marrow and other sources. A, Simplified schematic representation of normal anatomy of the knee joint, with some of the major anatomical structure labeled; B, Ligamentous damage stimulates macrophages from the synovium to release inflammatory cytokines. The migration of T-cells and neutrophils from the surrounding vasculature causes an increased concentration of proteases intra-articularly; C, The osteoarthritic joint demonstrates deficient articular cartilage, subchondral sclerosis, osteophyte formation as well as decreased joint space. Pain signalling molecules are persistent in the affected joint, and stimulate sensorineural fibers in the fibrous capsule (A-delta mechanoreceptors) and in the synovium (C polymodal nerve endings) , causing chronic pain.
Regenerative Injection Therapy-Results
Hyper-dextrose prolotherapy in its various forms presents a holistic approach to the treatment of the osteoarthritic joint by correcting ligamentous dysfunction, the root of the pathogenesis of osteoarthritis, without the risk of serious side effects or addiction inherent to opioid pain management (30) . The current literature considers prolotherapy a viable option in the treatment of painful musculoskeletal conditions, particularly when other standard treatments have proved ineffective. A 2007 Cochrane review of prolotherapy effectiveness in the presence of chronic low back pain stressed that prolotherapy appears to be most effective at reducing pain in the presence of other adjunctive therapies, such as exercise and glucosamine and chondroitin oral supplementation (31) .
Exercise and musculoskeletal manipulation are common therapies used adjunctively with prolotherapy (especially in the presence of nonspecific low back pain). Exercise therapy has been seen to be as effective as to other conservative treatments for lower back pain, hip and knee OA (32) . However, these therapeutic options do have their disadvantages, since it is highly dependent on patient compliance and willingness to participate (33) . At-home exercise therapy effectiveness is patient-dependent and subject to variation in implementation. Thus, it is important to explore the feasibility of other, less compliance-reliant therapies as adjunctive therapies to prolotherapy injections.
According to a post poll involving 171 practitioners, side effects of prolotherapy administration for back and neck pain included pain at administration, stiffness and bruising. Adverse effects requiring hospitalization were overwhelmingly attributed to needle injuries, either causing spinal cord insult, temporary systemic reactions, hemorrhage or pneumothorax (30).
LLLT-Overview
One supplementary interventional therapy that has shown promise in clinical and laboratory studies is low level laser therapy (LLLT) or cold laser therapy. Laser biostimulation has been used for years in wound healing and has been most frequently used for post-surgical healing, skin wound healing and pain (34) . The applications of cold laser therapy in deeper wound healing has been of interest in the scientific community, with literature exploring its potential in Achilles tendinopathy (27) , myofascial neck pain (35) and recently, Bouchard's and Heberden's Osteoarthritis (36) . In cold laser therapy, non-coherent light of wavelength 600 -1000 nm is applied to an area of injury, in which photostimulation of the tissues promotes and accelerates healing and cellular function. The mechanism of LLLT has been studied at length in laboratory studies and clinical trials, and most emphasized in the literature is the mechanism of the cytochrome c oxidase (CCO) protein in the electron transfer chain (ETC) of mammalian cells as the main photo acceptor molecule that allows for photobiomodulation and its biological effect. This is evidenced by the similarity in absorption spectra between oxidized cytochrome c oxidase and action spectra from biological responses to light (37) .
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LLLT-Mechanisms
Light from the cold laser is thought to interact with the copper and iron chromophores of cytochrome c to increase oxidation velocity and consequently accelerate cellular metabolism and the production of ATP. Increased levels of NO due to photostimulated dissociation of NO from CCO (normally facilitated by mitochondrial NO synthase) prevents the downregulation of oxygen metabolism; by this method, light-induced dissociation both increases the rate of ATP production and allows more free nitric oxide to be available as a vasodilator (12, 13) . Furthermore, increased ATP production is known to cause increased concentrations of reactive oxygen species (ROS's), and these ROS's activate transcription factors leading to the upregulation of genes related to cellular proliferation and the production of cytokines and growth factors (12, 13) . LLLT has also been seen to reduce the concentration of pain markers in a dose dependent manner, lowering the levels of biochemical markers like PGE2, IL-1B and TNF alpha (38) . These theories can help to explain the findings of increased levels of ATP synthesis, oxygen uptake and RNA and protein synthesis seen in individual mitochondria, and the effect of fibroblastic proliferation, pain reduction and healing observed on a more macroscopic level (11, 13, 39) . Vasodilation, upregulation of genes related to cellular proliferation, and increased availability of oxygen, antiinflammatory cytokines and growth factors all contribute to the improved healing and strengthening of compromised ligaments and soft tissues.
LLLT-Results
In clinical studies, LLLT has shown promise in managing Achilles tendonitis (40) , neck pain (35) and other chronic musculoskeletal chronic pain disorders (10) . A recent 2016 study by Baltzer, Ostapczuk and Stosch gives compelling support for LLLT in the treatment of extremity osteoarthritis; reporting that LLLT exposure to Heberden's and Bouchard's OA had very large effects to significantly reduce pain and swelling at the treatment site (36) .
Barriers to the implementation of LLLT in treating chronic pain in osteoarthritis involve the high variation in methods of application. From types of lasers to the specific wavelength used, health care providers may find the diverse options available to them intimidating. As per our review, there does not appear to be any distinct wavelength at which healing is optimal, as long as practitioners adhere to the flexible range of 600 -1000 nm.
Conclusions
The high and increasing incidence of chronic pain due to osteoarthritis is one of the leading causes of disability in North America. Current common treatment methods for this potentially debilitating condition often involve the prescription of opioid medications, which have been seen in association with significant side effects and the risk of medication addiction, which is already of an epidemic concern in the United States and Canada. Consequently, it is important that health care providers are aware of and consider supplementary treatment methods that are effective in treating chronic pain due to OA, without debilitating side effects like those of opioids.
Prolotherapy injections have demonstrated a solid chondrogenic effect in joint regeneration and a direct pain-modulating effect, suggesting that hypertonic dextrose may decrease pain via a sensorineural mechanism through direct exposure of dextrose and mannitol (among other proliferative solutions) to multiple intra-articular pain generators. In randomized clinical trials, prolotherapy has been shown to improve joint mobility, quality of life and reported musculoskeletal function. Furthermore, both LLLT and prolotherapy have been seen to significantly reduce joint pain and stimulate fibroblastic regeneration in clinical trials and laboratory experiments, superior to placebo and other standard conservative treatments, including improved reported patient outcomes in musculoskeletal function and fewer side effects. Given the potentially synergistic nature of the proliferative effects of prolotherapy and pain-modulating and healing effects of LLLT, the authors encourage further investigation into the cooperative use of these two well-known therapies in the treatment of chronic osteoarthritis. We feel that this may offer a partial solution to minimize the longterm prescription of opioids and emphasize a less invasive treatment for chronic osteoarthritis. The key point of this narrative review is to help clinicians that must decide between chronic opioid therapy for OA with significant side effects; standard injection and surgical interventions; and the newly cutting edge laser therapy and regenerative medicine alternatives for management of chronic pain due to osteoarthritis, and the pros and cons of such decision-making process, including its impact within the pain physician's practice.
Limitations
This study has potential limitations. We present a narrative review with discussion of the results with a clinical perspective and not a statistical standpoint. There are already currently published studies presenting actual data comparing the interventions we described here in innumerous conditions, as well as reviews of composite data with this scope. Therefore, we present in this study a clinical perspective of the utilization of prolotherapy and regenerative medicine options for the management of pain The above map offers a representation of the 3 main pillars of osteoarthritis pathophysiology; ligamentous laxity, articular cartilage degradation and the excessive presence of inflammatory mediators (IL-1, TNF, IL-8, PGE-2, VIP) and the mechanism by which prolotherapy and low level laser therapy likely contribute to the physiological benefits of osteoarthritis symptom management and joint support.
due to osteoarthritis, rather than a meta-analysis or stateof-the-art review of the literature of statistical and epidemiological results that would be mirroring other published studies. Hence our goal was to focus on clinical aspects by reviewing published data with focal emphasis to medical providers and the decision making process in managing OA pain. The key point of this narrative review is to help clinicians that must decide between chronic opioid therapy for OA with significant side effects; standard injection and surgical interventions; and the newly cutting edge laser therapy and regenerative medicine alternatives for management of chronic pain due to osteoarthritis, and the pros and cons of such decision-making process, including it's impact within the pain physician's practice.
Footnote
Implication: Health care practitioners may benefit from this review by learning more about alternative therapies for chronic osteoarthritis to avoid the use of opioid medications. Increasing awareness about the scientifically supported advantages to alternative treatments reduce stigma surrounding these treatments and may improve patient outcomes by offering a partial solution to the current opioid epidemic.
